INTRODUCTION {#sec1-1}
============

Critical congenital heart defects are usually defined as structural malformations of the heart that are present at birth and require intervention in the 1^st^ year of life.\[[@ref1]\] Congenital heart disease has been reported to be responsible for 30--50% of infant mortality due to birth defects.\[[@ref2]\] During the period from 1999 to 2006 (before the advent of critical congenital heart disease \[CCHD\] newborn screening), more than 13,000 infant deaths caused by congenital heart defects were reported in the United States.\[[@ref2]\]

Prenatal detection has become a significant contributor to early identification of CCHD. A recent meta-analysis has shown that newborns with a prenatal diagnosis of CCHD were significantly less likely to die before planned cardiac surgery than those with a comparable postnatal diagnosis.\[[@ref3]\] Even with fetal echocardiograms, which are not available universally, the diagnosis of CCHD during pregnancy is difficult.\[[@ref4]\]

SCREENING WITH PULSE OXIMETRY {#sec1-2}
=============================

Early detection of CCHD is challenging; however, newborns screening using pulse oximetry has been strongly supported by recent literature as a valuable tool facilitating the prompt detection of infants with CCHD. Pulse oximetry is easily accessible, inexpensive, and noninvasive and can be easily performed by the nurses at the infant\'s bedside; however, it remains a technology that is underutilized in newborns.\[[@ref5]\]

In 2011, the US Secretary of Health and Human Services recommended adding screening for CCHD with pulse oximetry to the recommended uniform screening panel (RUSP).\[[@ref6]\]

Screening programs for CCHD in the United States have been successful in identifying asymptomatic newborns with CCHD with few false positives. A pulse oximeter can help the nursery clinicians identify babies who have oxygen saturation levels below 95% (≥95% is considered normal). Pulse oximetry sensitivity in detecting CCHD has been demonstrated to be high (76.5%) with a specificity up to 99% with a very low false-positive rate, making it a strong test.\[[@ref7]\] In the Thangaratinam *et al*. meta-analysis,\[[@ref8]\] only de-Wahl Granelli *et al*.\[[@ref9]\] and Ewer *et al*.\[[@ref7]\] studies used the currently recommended algorithm. de-Wahl Granelli *et al*.\[[@ref9]\] showed a positive predictive value of 20% and Ewer *et al*.\[[@ref7]\] 13%. This means that most of the babies who have negative screening test are unlikely to have CCHD.

When screening test is positive, follow-up investigations include echocardiograms and referrals to pediatric cardiologists. All infants with positive screens should be carefully assessed by well-trained pediatric staff. Hospitals need to have an established protocol regarding who and when to call for a positive screening.\[[@ref10]\]

There is an increased interest in CCHD screening all over the world. It was estimated that ≥90% of infants born in the United States were screened for CCHD screening by the end of 2014.\[[@ref11]\] Finland has the highest screening rate after implementation (97%), followed by Sweden (91%) and Norway (90%).\[[@ref12]\] Researchers in China, thefirst low-income country to evaluate pulse oximetry screening for CCHD, found pulse oximetry screening in combination with clinical assessment to be reliable and feasible.\[[@ref13]\]

CLINICAL ASPECTS OF PULSE OXIMETRY {#sec1-3}
==================================

Pulse oximetry is a widely available, accurate method to objectively quantify oxygen saturations (SpO~2~), and thereby identify the clinically undetectable hypoxemia that occurs in the majority of neonates with CCHD.\[[@ref14]\] It is recommended to use pulse oximeter devices that are cleared for use in newborns, are usable in low perfusion states, report functional oxygen saturation, and are motion tolerant.

CUTOFF VALUES {#sec1-4}
=============

The definition of threshold values will determine the sensitivity and specificity of the screening tool. When choosing the cutoff value, the false positive rate must be balanced against the risk of missing CCHD. Ewer *et al*. defined SpO~2~ \<95% in either limb or a difference of \>2% between the limbs as abnormal.\[[@ref6][@ref7]\]

TEST ACCURACY {#sec1-5}
=============

The test accuracy can be influenced by gestational age, targets definition, timing of screening, and antenatal detection of CCHD. Early screening can lead to more false positive screenings but has the potential to detect significant pathology earlier. A meta-analysis of 13 screening studies, including almost 230,000 infants, reported a sensitivity of 76.5%, specificity of 99.9%, and false positive rate of 0.14%.\[[@ref8]\]

Sensitivity ranged from 60% to 100% whereas specificity was ≥94% and in most studies \>99%. This high specificity is accompanied by a false positive rate varying between 0% and 1.8%.\[[@ref15]\]

DETECTION OF OTHER PATHOLOGIES {#sec1-6}
==============================

Pulse oximetry can also detect other causes of hypoxemia, including infections and pulmonary/respiratory disorders. Noncritical cardiac defects and other significant pathologies may be found in up to 80% of the false positive cases.\[[@ref7][@ref9][@ref13]\]

Although detection of these conditions is currently considered as false positives, it is important to detect them early so that treatment can be started before deterioration occurs with increased risk of death, morbidity, and longer hospitalization. There is large variation in detection of other pathologies in the reported studies (0--90%).\[[@ref15]\]

Bhola *et al*.\[[@ref16]\] highlighted the benefits of early diagnosis of significant, noncardiac illness and proposed that a positive result is not an immediate trigger for echocardiography but rather should prompt careful, expert medical evaluation.

TIMING {#sec1-7}
======

Performing pulse oximetry screening in the 1^st^ hours of life is likely to lead to more false positive screenings, but this should be weighed against the potential benefit of detecting significant pathology, including noncritical CHD, infections, and pulmonary disorders, at an early stage of the disease, preventing deterioration. Screening performed \>24 h after birth decreases the false positive rate but increases the risk of late detection of infants with CCHD, who may decompensate before screening.\[[@ref7][@ref9]\]

The meta-analysis of Thangaratinam *et al*.\[[@ref8]\] demonstrated a significantly lower false positive rate when the screening was performed ≥24 h after birth. Ewer *et al*.\[[@ref7]\] showed the highest sensitivity if screening took place 6--12 h after birth, but specificity was the highest at 0--6 h after birth.

SETTING {#sec1-8}
=======

In most countries where the pulse oximetry screening has been implemented, the screening takes place in hospitals. Pulse oximetry screening in the Neonatal Intensive Care Unit (NICU) has been less well investigated. Although screening in the NICU is feasible, underlying illnesses and timing of the screening increased the false positive rate.\[[@ref17]\] Studies have also investigated pulse oximetry screening out of hospital and after early discharge from hospital. An observational study showed that pulse oximetry can be successfully implemented outside the hospital setting.\[[@ref18]\] In a small study of ninety babies who underwent routine pulse oximetry screening within 2 h following homebirth, Cawsey *et al*. showed that early pulse oximetry screening for homebirths is both feasible and acceptable.\[[@ref19]\]

LIMITATIONS AND BARRIERS {#sec1-9}
========================

There are several limitations to pulse oximetry screening for CCHD in neonates. It does not exclude all types of CCHD and other congenital heart disease lesions. Knowing that the sensitivity of pulse oximetry screening for CCHD is around 75%, approximately 25% of neonates with CCHD will not be detected by pulse oximetry screening alone. The critical lesions most likely to be missed by use of pulse oximetry are those that cause obstruction of the aortic arch (e.g., coarctation of the aorta and interrupted aortic arch).\[[@ref7]\] Hence, clinicians must be educated about these potential patients with false-negative results, so that other clinical findings of CCHD are not ignored.\[[@ref20]\]

Important barriers to using pulse oximetry screening for CCHD have been identified. These include out-of-hospital births, cost, and knowledge deficits among health-care professionals. There are certainly costs and harms associated with both pulse oximetry screening and subsequent testing that ensues. In the United States, the direct cost of the screening itself is bundled into the hospital labor and delivery charge, so there is rarely a separate charge for oximetry to hospital-born babies. The echocardiograms triggered by positive oximetry test are additional charges that can be as high as thousands of dollars.

In addition to the anxiety triggered by a failed screening and the costs of additional screening, some babies may need to be transferred from their birth setting to another facility for echocardiography. The issue of transfer is particularly true in rural states where the nearest available echocardiography may be a great distance away.

Altitude, time, health status of newborns, and type of cardiac defect appear to affect results. All studies reported a maximum of 5.5 min per screening, with a mean of even 1.6 min in Zhao *et al*. study.\[[@ref9][@ref13][@ref16]\] No extra staff members were needed to perform the screening.\[[@ref21][@ref22]\] Despite this, nurses have reported a minimal burden to their routine. Lower saturations at altitude are a unique barrier to the use of pulse oximetry for CCHD screening. Wright *et al*.\[[@ref23]\] found significantly higher failure rates at moderate altitude compared with sea level, suggesting alternative screening protocols for affected areas. Besides, there is a need to interpret the screening test using an algorithm.\[[@ref24]\] More training in implementing pulse oximetry screening may be particularly helpful for those nurses less familiar with this skill.

ACCEPTABILITY {#sec1-10}
=============

Before administration, parents should be informed of the purpose of screening for CCHD along with other newborn screening procedures. Parents need to be informed of abnormal results and the follow-up process that will occur.\[[@ref10]\]

Families that refuse pulse oximetry screening on religious grounds are exceptionally rare and generally are unrelated to the timing of symptoms.

The larger issue is the family that refuses additional testing once a baby has positive test results.

The objection to screening might be partly caused by the parents' desire not to know potential health diagnoses before they become symptomatic. This hurdle can be overcome with proper handling and explanation of the case. A recent online survey for 841 parents of children with congenital heart disease showed that the information given at diagnosis, the manner in which it is presented, and the parents' understanding and interpretation of that information are critical factors in shaping parents' perceptions and management decisions.\[[@ref25]\]

A recent study reported that parents widely accepted the test and the false positive results did not lead to more anxiety.\[[@ref26]\] Furthermore, the medical staff considered the test as highly important and easy to carry out.

CONCLUSION {#sec1-11}
==========

An accurate and early diagnosis of the type of CCHD has implications on the type of management of the disease. Pulse oximetry, a simple, inexpensive, noninvasive screening approach, can make the difference between a healthy life and life of disability or even death. Health policies need to ensure that all newborns receive the standard recommended pulse oximetry screening. Staff education is imperative before screening implementation. Pediatricians should be aware of the addition of pulse oximetry to screen for CCHD to the RUSP so that they can educate parents, ensure appropriate follow-up for positive screens, and stride for incorporating this screening in their local hospitals.
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